Nonreciprocity of spin wave propagation is a well-known consequence of antisymmetric exchange contributions possible in magnetic spin systems that lack inversion symmetry. In this case, it is possible for the energy of a state to depend on the sign of its momentum as ( ) ≠ (− ). We discuss here the consequences of this nonreciprocity on counterpropagating travelling spin wave states. In a confined geometry we find states with well-defined nodes but with amplitudes that are modulated such that inversion symmetry of the mode profile is lost. This feature leads to the suggestion that additional features may become visible in, for example, ferromagnetic resonance studies of ferromagnetic micro-elements with DMI, allowing a quantification of the amplitude and direction of the DMI.
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There are many important questions regarding the impact of defects [22] , impurities, geometry [23] and the potentials for tuning the interaction through composition and materials choices [24] [37] [38] [39] . Examination of dynamics, including investigations of spin waves and ferromagnetic resonance, are proving to be very interesting and useful [40] It is well known that gradient magnetisation terms can contribute additional chiral exchange energies into spin wave frequencies [50] [57] . These shift the usual ferromagnetic dispersion relation ~2 off of zero with a ± contribution that, if measured, provides a value for the DMI constant D [58] [59] [60] . There is an interesting question that arises when thinking about finite geometries. What happens in a chiral system when spin waves are confined by edges? The idea is sketched in Fig 1b, where two counter propagating spin wave modes are created by reflection from two mirrors. The waves have the same energy, but have different wavelengths when travelling in opposite directions because of the nonreciprocity of the medium.
Immediately there follows an important consequence for measurements. Without DMI, the largest signal one would measure in an FMR experiment is the spatially uniform resonance mode [61] . Standing modes are typically invisible, with free end boundary conditions, as there is no net magnetic moment for a driving microwave field to couple to.
Suppose that the waves are propagating along the x axis between two mirrors placed at x= 0 and x= L . Because of DMI, the dispersion relation for spin waves is not symmetrical about +kx and -kx propagation [58] . As a result, in real space the interference pattern, at any instant in time, produced by the counter propagating waves is not necessarily symmetrical about the midplane (x=25) as seen in the example in that resonance experiments will detect more modes when DMI is present than when DMI is not present. The reason for this is now evident. The DMI reduces the symmetry of the system [62] allowing all the modes to couple to the uniform driving field found in the typical ferromagnetic resonance experiment. Some modes are more strongly driven than others, typically the modes which have frequencies close to what used to be the ferromagnetic resonance frequency.
Micromagnetic calculations [63] , which will be described later in this paper in detail, confirm this for ferromagnetic resonance obtained from an elliptical Py dot with and without DMI. The structure with DMI reveals more strong absorption peaks than the same structure does without DMI due to the lack of symmetry in the eigenmode profiles.
The asymmetry in the mode profile follows directly from the superposition of two oppositely propagating waves. Because of the nonreciprocity, one does not get simple standing waves. In Fig. 1c we see that the profile of the wave shifts in time, although the nodes remain at constant positions. As can be easily appreciated, in the presence of DMI the instantaneous mode profile does not have a fixed symmetry, i.e. it is not even or odd about the midpoint.
The essential features of the confined modes in the DMI case can be understood in the following perturbation argument. Suppose that the DMI is weak, so that the difference in wavelengths for the counter propagating waves is small. In the absence of DMI, even and odd symmetry solutions for confined modes are expected with wavenumbers quantized as multiples n of the inverse confinement size L, according to = . 4 Consider, as an example, a solution with even symmetry along the x direction of the
This wave will obey the ferromagnetic exchange dispersion = 2 where J is the exchange energy in suitable units. Now allow for small DMI, with the strength parametrized by D, there is non-reciprocity for propagation along x. Because the right and left wavectors are different, we describe the confined wave with the equation
where the right wavevector is = + ′ and the left one is = −( − ′ ). With DMI, the wave has frequency = (
which is also small. With these substitutions, the confined wave now has the form,
This has a familiar 'beat' frequency structure, with a long wavelength envelope containing a short wavelength oscillation. Another way to view this is as a generalized confinement in a moving reference frame, resulting in a system with fixed nodes and a wave moving at velocity = ′ . As seen from our one-dimensional model, described below, the time dependent oscillations of the mode amplitude with DMI present are more complex than in the D=0 case, with a pronounced time-dependent asymmetry in the mode profile, as seen in Fig. 1c . In particular, one sees a constant node position but with the profile of the wave moving as a function of time. Thus the numerical results are consistent with the simple analytic picture obtained above.
Resonance Calculations. Additional insight into the asymmetries of the confined modes can be obtained using a one dimensional atomic toy model for a spin chain.
Although this model is oversimplified, there are distinct advantages to exploring it: 5 1) The microscopic model does not require a transition to a continuum limit with its reliance on smooth and slow variations for the solutions;
2) There is no need to have additional assumptions about boundary conditions;
3) A comparison of the results from the atomic model with the micromagnetic model can validate the assumptions inherent in the micromagentic calculations.
In the toy model, the equations of motion for classical spins are integrated numerically for a finite chain of length N. The equations of motion are damped, and of the Landau-Liftshitz-Gilbert form:
where is the Gilbert damping constant and is the gyromagnetic ratio. The local field at site i is ℎ ⃗ = − ⃗⃗ ⁄ where the energy E is given by
where the sum is over nearest neighbours; the chain of spins lies along the x axis, and B is a magnetic field applied perpendicular to the chain. The numerical integration is performed using a Runge-Kutta method. We discuss now the dynamics simulated over An example of the spectra with and without DMI is shown in Fig. 2 . The spectrum without DMI, shown in the top panel of Fig. 2 , has only one peak, located just below 3 GHz. Setting the DMI to a value of D/J = 0.1 shifts the frequency of the main intensity peak and creates three additional peaks as seen in the middle panel of Fig. 2 .
This value of DMI is not large enough to change the ground state appreciably and the appearance of new peaks is associated with an asymmetry in the profiles that gives rise to a nonzero time-dependent magnetisation in the oscillating modes.
The spatial Fourier amplitude profiles corresponding to the four peaks are shown in the right panel of Fig. 2 . These amplitudes appear to approximate the standing wave mode profiles one expects for confined spin waves without DMI, but this is misleading.
As shown earlier, the node position remains fixed, but the time-dependent profile moves with a constant velocity. The Fourier profiles measure an integration of the motion over time, so the nodes remain at their expected positions, but the Fourier profile completely misses the motion of the wave. There are other subtle asymmetries in the profile shapes, and dramatic effects on the relative intensities. In particular, the ferromagnetic resonance mode, which as discussed above normally corresponds to the mode with the largest fluctuating transverse magnetic moment. Instead with DMI we find that the largest intensity mode, at 2.58 GHz, is the one with a node near the centre of the spin chain.
We now present results for a more realistic situation with a micromagnetic simulation of confined modes. An elliptical disc geometry is used with the length = 200 nm, width = 100 nm and thickness = 10 nm. The program Mumax 3.9.1 [63] was used resembles an interfacial symmetry breaking, out of plane. This is assured by using mumax's Dind 1 parameter [62] . A simple calculation shows, that for this type of symmetry breaking, the direction of nonreciprocity is perpendicular to the magnetization direction and can be described according to [58] . (A1) appears to more persistent. The most dramatic feature is the new high order mode C1 which without DMI is not visible in the spectrum. We conclude that DMI in the confined geometry will allow observation of this, and other standing modes that are normally not visible in resonance. The resulting frequencies and mode intensities will allow unambiguous values for DMI to be determined. 
